A dense, immature ponderosa pine stand was thinned in 1962, 1972, and 1982 to six growing stock levels (30, 60, 80, 100, 120, and 150 
Early predictions (Schubert 1971) To illustrate the application of such information under conditions where a roundwood market exists, it is assumed that (1) initial stand diameters are 2 to 2.5 inches (5.1 to 6.4 cm), and (2) a 20-year cutting cycle is imposed. All growing stock levels (GSLs) These GSLs are somewhat higher than those estimated by Alexander and Edminster (1980) for a 10-inch (25.4-cm) minimum sawtimber limit, demonstrating that initial GSLs must be reduced to 40, or cutting cycles must be lengthened, if the minimum sawtimber diameter is raised above 7 inches d.b.h. (17.8 cm) . Once trees reach merchantable size, the manager can increase GSLs with each successive entry in an effort to approach volume production which might have been realized at a higher constant GSL of 120 (Alexander and Edminster 1980) .
If only one precomercial thinning is feasible in ponderosa pine stands with small average diameters, management policies directed towards producing merchantable volumes in a reasonable period of time would be difficult to implement at high GSLs (Alexander and Edminster 1980) . This conclusion tends to be supported by the low merchantable yields produced from the higher GSL plots in this study during the second entry; but, the results may be somewhat misleading because of the relatively short 10-year cutting cycle.
Although GSL 150 produced the greatest volume at this stage in the study, the risk of future beetle infestations, as stand density increases, discourages maintenance of such high stand densities over large areas. But, high GSLs may be necessary for initial thinning of dense sapling stands to strengthen residual trees against possible snow damage (Schubert 1974 Gaines and Kotok (1954) showed that diameter growth in all study locations (d.b.h.) and an understory of saplings and small poles. The lower stratum was considered even-aged, originating primarily from seeds germinating in 1919 after the exceptional seed crop from the previous year (Pearson 1950 (Sellers and Hill 1974) .
The soil at Taylor Woods is classified as a Typic Argiboroll, cool, fine montmorillonitic (USDA 1975 (Curtis 1967 Volume computations for each plot were based on all trees. Tree stem volumes were computed using gross volume equations for unforked blackjack pines on the Coconino, Lincoln, and Tonto National Forests (Hann and Bare 1978 (Graybill 1976 During the first five years after initial thinning, Schubert (1971) found that annual height growth ranged from 0.7 to 0.5 foot (0.21 to 0.15 m), decreasing with increasing stand density. Similarly, the adjustment effects of thinning continued during the remainder of the first 10-year growth period. Oliver (1979) indicated that height growth was related to tree diameter after thinning, with the relationship holding across GSLs. While he noted a trend of decreased height growth with increasing GSL, neither he nor Barrett (1983) could demonstrate a significant relationship with GSL.
After an initial period of adjustment, a similar nonsignificant trend appears to be developing at Taylor
Woods. This trend may become more apparent as plots at the higher GSLs reach greater residual densities.
Although the average tree height of residual stands was greater at lower than at higher GSLs after 20 years (table 2), the differences were probably related to cultural practices that removed shorter trees of poor form during thinning, rather than increased growth rates associated with lower stand densities.
Crown Length Growth
Periodic annual crown length growth of measured trees ( fig. 6 ) ranged from 0.9 to 0.3 foot (0.27 to 0.09 m), decreasing with increasing basal area during the first period, and from 0.8 to 0.2 foot (0.24 to 0.06 m) during (Schubert 1971) . As with diameter growth, this difference was because of the response delay during the 5-year period after initial thinning.
Barrett (1983) and Oliver (1979) (1983) and Oliver (1979) Results from the first 5-year period after the initial thinning indicated a leveling off in merchantable volume production at GSL 80; but the growth at higher GSLs varied greatly (Schubert 1971 
Conclusions
The growth relationships between tree and stand characteristics and stand density determined in this study were similar to those found by Oliver (1979) and Barrett (1983) . With the exception of height growth, all averages of other tree characteristics examined in this study showed a negative growth relationship with increasing stand density. The two-to three-fold increase in periodic annual diameter growth and the two-thirds increase in average diameter between the highest and lowest density levels confirm early observations of the potential of southwestern forests. These increases also 
